In the first edition (2004) of the Civil Engineering Body of Knowledge (BOK) fifteen outcomes were identified, however, there were no explicit outcomes for humanities or social sciences. Quickly thereafter, a BOK2 committee was formed and the second edition (2008) was published with twenty-four outcomes and associated levels of achievement. The outcomes were organized in three categories: Foundational, Technical, and Professional. Foundational outcomes included mathematics, natural sciences, and humanities and social sciences. Achievement for all Foundational outcomes was established based on level three of Bloom's taxonomy (application). The BOK2 outcomes were then used in the deliberations regarding proposed changes
Introduction
The importance of humanities and social sciences studies in civil engineering education is well established.
1-6 ASCE's second Body of Knowledge (BOK2) 7 recognized this importance and added two additional outcomes, one for humanities and one for social sciences. As part of BOK2, the outcomes were reorganized and the four foundational outcomes were mathematics, natural sciences, humanities, and social sciences.
Educational foundations in mathematics (such as algebra, geometry, trigonometry, calculus, and differential equations) and natural sciences (such as chemistry and physics) have obvious connections to civil engineering and were included as outcomes in the original BOK. Further deliberations during the development of BOK2 led to the addition of humanities as a foundational outcome. Subjects that investigate human constructs and concerns (such as art, philosophy, languages and literature) were deemed to underpin the professional practice of civil engineering. Also, deliberations during the development of BOK2 led to the addition of social sciences as a foundational outcome. Social sciences, subjects that deal with the functioning of society and its institutions (such as political science, economics, sociology and psychology) were Page 26.865.2 also deemed to underpin the professional practice of civil engineering. Social sciences are often data-driven and quantitative while humanities typically employ critical and analytic thinking.
These disciplines are supportive of, and directly tied to, the goals of integrating issues such as sustainability and globalization into the engineering curriculum. Sustainable development requires that economic, environmental and social aspects be equally balanced with respect to engineering design. 8 The current Engineering Accreditation Commission of the American Board for Engineering and Technology, Inc (EAC/ABET) criteria no longer requires a humanities or social science component, but rather humanities and social sciences are meant to be captured under the general education requirement. 9 As a result, there is the opportunity to bring change to the engineering curriculum through humanities and social science (H/SS) components. 5 The primary research objective of this study is to provide recommendations for BOK3 with regard to the humanities and social sciences outcomes. In order to achieve this objective, background literature on the evolution of how humanities and social sciences have been integrated into program criteria was reviewed and critically analyzed. In terms of data collection, a survey and an online inventory approach was used to determine existing program outcomes as well as the opportunities for improvement. Recommendations regarding humanities and social sciences for BOK3 are presented based on the findings of this student. The recommendations are grounded in previously established curriculum guidance including ABET prior to ABET's Engineering Criteria 2000, EAC/ABET 3(a) through 3(k), BOK and BOK2.
Integration of Humanities and Social Sciences into BOK, ABET and other Criteria
There is a large body of literature, going back in time, which provides support for humanities and social science (H/SS) in the education and the practice of engineering. [1] [2] [3] [4] [5] [6] There is a common agreement that an engineering education must be supported with a fundamental education in mathematics, natural sciences, humanities and social sciences. The graphic shown in Figure 1 clearly illustrates the notion that education for the practice of engineering is underpinned by education in these four areas. Studies identified on the figure as technical and professional breadth are informed by studies in mathematics, natural sciences, humanities and social sciences. Without all four, the context is incomplete and critical thinking associated with problem solving is constrained.
Despite the universal agreement regarding the need for studies in the humanities and social sciences, there is anecdotal evidence to indicate that while the literature speaks with one voice on this issue, engineering educators assign value through their curriculum. In general, rarely more than the minimum required H/SS coursework is required while virtually more engineering coursework is always required beyond the minimum. This fact speaks volumes about the perceived relative importance of H/SS compared with traditional mathematics, natural science and engineering topics.
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Figure 1: Foundations of an Engineering Education 3
While there is little debate in the published literature on the value of H/SS, there is less than a clear consensus on how students can be best educated and equipped to properly incorporated knowledge from humanities and social sciences in their practice. For example, programs vary enormously in their approach to H/SS in their curricula. Curricula can be quite prescriptive in requiring students to take specific courses, categories of courses and/or levels of courses. Alternatively, curricula may be wide-open allowing students to choose most any course in the broad category of H/SS. Which is better? Should students be permitted to take any courses in H/SS to fulfill the requirements or should students be directed to certain courses that students might see a stronger connection to engineering? Which approach will produce, in the long term, the better-educated and informed engineer?
In an effort to provide national leadership regarding this issue of humanities and social science integration into the civil engineering curriculum, organizations such as ASCE and EAC/ABET have provided guidance. The following sections describe the process of how humanities and social sciences have been viewed in the civil engineering curriculum, specifically with respect to BOK1, BOK2, EAC/ABET, and Civil Engineering Program Criteria (CEPC). Figure 2 summarizes the integration process. For now, the reader can judge whether civil engineering educational requirements in the humanities and social sciences have been strengthened or weakened by changes in ABET requirements.
Humanities and Social Sciences in BOK1 and BOK2
BOK1 11 described what a civil engineering student should be taught and learned. In BOK1, there are no direct references to humanities and social sciences although concepts from humanities and social sciences underpin other expectations. In this first edition of the BOK, ABET student outcomes 3(c), 3(h) and 3(j) were adopted in a modified form and three additional outcomes developed. Therefore, the BOK1 outcomes relating to humanities and social sciences included:
an ability to design a system, component or process to meet desired needs 8. the broad education necessary to understand the impact of solutions in a global and societal context 10. a knowledge of contemporary issues 1an understanding of the elements of project management, construction and asset management 14. an understanding of business and public policy and administration fundamentals 15. an understanding of the leader and leadership principles and attitudes
An analysis of these outcomes reveals that, while some understanding of various aspects of the humanities and social sciences are needed to meet the outcome, there are no direct outcomes in the humanities and social sciences.
Humanities and Social Sciences in BOK2
Building on BOK1, those deliberating the outcomes for BOK2 elevated humanities and social sciences by establishing them as outcomes. BOK2 also reorganized outcomes and identified mathematics, natural sciences, humanities and social sciences as Foundational outcomes. From the time of the BOK2 deliberations to now, EAC/ABET 10 Criteria 3(a) through 3(k) asks engineers to "consider needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability." In BOK2, for the first time, H/SS was given the importance of an outcome. While all outcomes should not be considered equal, H/SS has been established among other Foundational outcomes such as mathematics and natural sciences. The level of achievement for the Foundational outcomes is the third level, application, of Bloom's taxonomy. 12 The explicit outcomes in BOK2 The draft CEPC again contains no overt references to humanities and social sciences. However, humanities and social sciences underpin a new requirement to include principles of sustainability in design while retaining concepts in management, business, policy, and leadership.
The reader might be inclined to ask why, if the new CEPC were to be informed by BOK2, and BOK2 now had explicit outcomes for humanities and social sciences, why then did the new CEPC not reflect the thinking of BOK2? The authors attribute this to two reasons. First, Ressler 15 made the argument that ABET criterion 3(h) discussed above was consistent with BOK2 outcome 3 for social sciences, and therefore, no gap existed between the two documents. With respect to humanities, Ressler 15 noted the opposite, that is, the ABET general education criterion is too nebulous to prescribe anything and there existed a "total gap" between the two documents. As it turned out, the CEPC committee chose not to address this outcome in the new CEPC. Reasons varied including (1) the recognition that there would be limits on the extent of changes possible to the CEPC, and (2) the belief that, while no clear criteria existed, humanities was adequately covered in general education requirements.
Humanities and Social Sciences Outcomes in Current Civil Engineering Programs
In order to assess existing civil engineering program outcomes with regard to humanities and social sciences, two major forms of data collection were used: (1) voluntary survey and (2) online random inventory based on publicly available information. These two methods were used Page 26.865.9
to develop broad conclusions on the adoption of BOK2 outcomes, with particular interest in humanities and social sciences, by civil engineering programs throughout the nation.
Survey
Civil Engineering Department Heads were surveyed to seek out programs that have adopted BOK2 outcomes (including humanities and social sciences) as part of their accreditation process or have other humanities and/or social science outcomes not precisely modeled on BOK2. The survey was conduct through email and participation was voluntary. Table 1 presents the data for programs that provided information in response to the survey. 
University of Arkansas

BOK2
Originally had specifically written outcomes to capture the essence of BOK2 without identical wording of BOK2. Recently reverted back to EAC/ABET 3(a) through 3(k).
University of Wisconsin
Gen Ed Undergraduate students are required to take a minimum of 16 credits of humanities and/or social sciences as part of their curriculum. A minimum of 6 credits must be from humanities and a minimum of 4 credits must be from an economics course (a social science). Will be asking senior capstone design students to demonstrate the importance of humanities and incorporation of social science knowledge in their design projects.
Note that the information contained in Table 1 is based upon a voluntary response to the survey. With that being said, programs with outcomes that have voluntarily gone above and beyond the minimally required EAC/ABET 3(a) through 3(k) have traditionally been justifiably proud of this accomplishment. Therefore, it is likely that the programs that felt comfortable responding to this survey are those that are exceeding the ABET criteria. This data indicated few programs were including BOK2 outcomes in their ABET outcomes. To further validate this finding, an online inventory of programs was conducted as next described.
Online Inventory
In addition to the survey, 40 program websites were selected (with a distribution of public versus private institutions, various geographic locations, and differing program sizes) as part of the online inventory of civil engineering curriculum throughout the country (Table 2) . While the Page 26.865.10 information in Table 2 is publically available, the programs are not identified by name but simply by number since the institution did not voluntarily agree to provide information as they did in the prior survey. Two of the programs that voluntarily participated in the survey were also included in online inventory. The program outcomes for each school were reviewed and were identified as one of three options (1) reflective of EAC/ABET 3(a) through 3(k) [11 outcomes], (2) reflective of BOK2 [24 outcomes], or (3) a hybrid of both ABET and BOK2 components. Throughout the process, information relating to the degree of reflection was noted. For example, if a program had one or two additional outcomes added to the EAC/ABET 3(a) through 3(k) outcomes, this still was determined to be reflective of EAC/ABET 3(a) through 3(k). Also, if phrases or words were reflective, but the actual 3(a) through 3(k) outcomes did not directly match, this was noted as "indirectly" reflective of EAC/ABET 3(a) through 3(k) or BOK2 (depending on the correlation). The hybrid category includes those that reflect a mix of EAC/ABET 3(a) through 3(k) outcomes with additional outcomes reflective of BOK2 (total of 15 outcomes or more). This information was based on a brief search of publicly accessible information from the school's civil engineering department website. Information that was not located in a publicly accessible location or available from the department webpage was not included. Therefore, the results may not be fully comprehensive or up-to-date as the results are based on the information available at the time of the inventory. Despite these limitations, these data provide a broad picture of the basis for existing program outcomes throughout the country.
The results of the online inventory show that 77.5% of the schools inventoried are following EAC/ABET 3(a) through 3(k) as their primary source for program outcomes. Of these programs, 75% of them directly map and 25% indirectly map to ABET. In contrast, only 7.5% of the schools inventoried directly or indirectly map to BOK2. Note the survey did not ask "why not" for the vast majority of schools that did not incorporate most/all of the outcomes of BOK2 into their program outcomes. Since outcomes need to be assessed, it is speculated that the additional work required to assess additional outcomes is a deterrent to adding outcomes beyond those required by ABET. Lastly, 15% of schools surveyed were determined to be based on a mix of both ABET and BOK2.
Two general conclusions can be drawn from Table 2 . First, the number of programs that have decided to model their program outcomes after BOK2 is small. Second, while programs may find the outcomes in BOK2 worthy, adoption of these outcomes to be part of the ABET process on a voluntary basis is limited. From the data, it is concluded that in order to increase the number of programs, and thus the number of students that explicitly connect the students education in the realms of humanities and social sciences to their education in engineering, there must be explicit ABET expectations delineated.
Humanities and Social Sciences in BOK3
As stated in the introduction, this paper explores outcomes in humanities and social sciences in an effort to inform those interested in and involved with the preparation of BOK3. Therefore, based on the reviews of the literature, ABET, BOK1, BOK2, survey results, and online inventory, three recommendations are made with regard to humanities and social science outcomes in BOK3. These three recommendations are alternatives that can be incorporated into the preparation of BOK3 and are mutually exclusive (meaning that one or all of these recommendations could be adopted). Recommendation 1-Enhance the level of student learning of the humanities and social science objectives by raising the level of student achievement from application (level 3) to analysis (level 4) in Bloom's taxonomy. Based on BOK2 7 , the application level requires that the students "demonstrate the importance of the humanities/social sciences in the professional practice of Page 26.865.12 engineering" while the analysis level requires that the students "analyze a complex problem informed by issues raised in the humanities/social sciences and apply these considerations in the development of a solution to the problem."
Recommendation 2-Connect the Foundational outcomes directly with the Technical and Professional outcomes that correlate to humanities and social science disciplines. Professional outcomes (such as sustainability, contemporary issues and historical perspectives, risk and uncertainty, project management) as well as Technical outcomes (including communication, public policy, business and public administration, globalization, leadership, teamwork, attitudes, lifelong learning, and professional and ethical responsibility) can be directly in support of the need for humanities and social sciences (Table 3) . 16 statement begins with the phrase "entrusted by society to create a sustainable world and enhance the global quality of life, civil engineers serve competently, collaboratively, and ethically as master…" and continues with five objectives shown in Table 4 . The phrases in the vision statement can be directly supported by humanities and social science disciplinary areas.
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Discussion of Recommendations
These three recommendations are alternatives for emphasizing humanities and social sciences in the engineering curriculum. The first recommendation enhances the level of achievement in order to strengthen student learning in these areas while the second and third recommendation provide context for how the disciplines can be linked to civil engineering goals and objectives.
In terms of implementation methods within curricula, schools vary between a very prescriptive set of courses that achieve the general education requirements versus a more broad set of requirements that ultimately allow the student to make a choice of how their general education courses will fulfill the requirement. The choice of approach is best left to the individual programs such that the programs can build upon the resources available. Adoption of any or all of these recommendations, or the development of alternative approaches, can only result in civil engineering graduates that are better equipped to incorporate social and humanistic considerations in solving multidisciplinary engineering problems.
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Conclusions and Recommendations
The essential nature of humanities and social sciences to the practice of civil engineering was briefly reviewed. ABET originally stated a philosophical need for humanities and social sciences and developed specific curricular requirements about this philosophy. In the subsequent move to an outcome-based ABET criteria, expectations for humanities and social sciences were diminished. BOK1 and BOK2 were analyzed for their handling of humanities and social science outcomes. The original BOK had no explicit humanities or social science outcomes although had other professional outcomes that build upon a foundation of humanities and social sciences. BOK2 reorganized and added outcomes including specific outcomes for both humanities and social sciences. These two outcomes were collected with those for mathematics and natural sciences into a category named Foundational outcomes. Since then, a committee was charged to revise the CEPC in light of BOK2 and draft CEPC criteria were developed. Outcomes from BOK2 were adopted either directly or with modification where deemed appropriate by the committee. Any reference to direct humanities and/or social science outcomes in the new draft CEPC are conspicuously absent although certain new requirements, such as sustainability, are founded upon concepts in the humanities and social sciences. While the focused audience of this paper are the future participants in the BOK3 efforts, the fact that there are no explicit humanities or social sciences expectations in the current ABET General Criteria suggests the need to strengthen ABET criteria in this regard.
In order to investigate existing program outcomes, a survey of programs and the program outcomes of nearly 40 randomly selected civil engineering programs were examined with a specific focus on the influence of BOK2 upon their ABET outcomes. Adoptions of outcomes from BOK2 into ABET outcomes are optional and few programs have directly adopted the BOK2 outcomes. In contrast, virtually all programs have adopted the required 3(a) through 3(k) outcomes. The lack of humanities and social science outcomes does not provide definitive commentary on how these outcomes are valued; say as compared to mathematics and natural sciences. It is believed the lack of humanities and social science outcomes in current programs can be attributed to two reasons: 1. Programs are reluctant to take on more responsibility for direct assessment and tracking of results than absolutely necessary. 2. Programs do not valued humanities and social sciences in the same way as they value mathematics and natural sciences and thus do not feel the need to elevate their importance by having humanities and social science outcomes. Even with explicit BOK2 outcomes in the humanities and social sciences, it is clear that until these are adopted by ABET as general education outcomes or included in CEPC, few programs will adopt them voluntarily.
